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The development and progression of invasive uterine cervi-
cal carcinomas appear to be associated with the progressive
loss of sensitivity to transforming growth factor-g (TGFg)-
mediated cell cycle arrest. In order to identify possible
molecular mechanisms responsible for TGF resistance, we
screened the 7 exons of the type Il (TBR-1I) TGFB receptor
and the 9 exons of the type | (TBR-1) TGFB receptor genes for
mutations in 16 paraffin-embedded primary invasive cervical
carcinoma specimens. In one of these carcinomas, we found a
novel G—T transversion in exon 3 of TBR-II that introduces a
premature stop codon (E142Stop) and presumably results in
the synthesis of a truncated soluble exoreceptor. In one
tumor, a silent A—C transversion mutation that may affect
mMRNA splicing was present in exon 6 of TBR-I. In addition, 7
of 16 cases were heterozygous for a G—A polymorphism in
intron 7 of TBR-I. Finally, we identified a 9 base pair in-frame
germline deletion in exon 1 of TRR-I resulting in loss of 3 of 9
sequential alanine residues at the N-terminus in 6 of 16 cases.
Analysis of specimens from case-control studies indicated
that carriers of this del(GGC); TBR-I variant allele may be at a
increased risk for the development of cervical carcinoma
(p=0.22). Furthermore, the response of cells expressing the
variant receptor to TGFB was diminished. Our results sup-
port the notion that diverse alterations in the TGFp signaling
pathway may play a role in the development of cervical
cancer. Int. J. Cancer 82:43-51, 1999.
© 1999 Wiley-Liss, Inc.

et al, 1997). Primary cervical keratinocytes that are immortalized
by HPV in vitro and are passaged in culture for prolonged periods
of time, eventually lose their sensitivity to the inhibitory effects of
TGFB1 (Creeket al, 1995; De Geestt al, 1994). In these
TGFB-resistant cells, transcription of the E6 and E7 genes is no
longer repressed by T@HCreeket al., 1995). In addition, some
cell lines derived from CIN lesions are sensitive to T8;whereas
lines derived from invasive CCs are resistant (Bratial., 1990;

De Geestet al, 1994; Kanget al, 1998; Kim et al, 1998;
Woodworth et al., 1990). Thus, these in vitro results suggest a
strong association between the loss of P&Fnediated repression

of theHPV E6/E7genes and the transition from precursor lesions to
invasive CC. Integration of the HPV genome within the host cell
genome is associated with disruption of the viE2lgene, resulting

in the deregulated expression of tB&@andE7 transforming genes.
However, studies have suggested that the TRE located within the
viral LCR is retained (Canhotet al, 1997). Thus, the loss of
TGFB-dependent regulation d6/E7 gene transcription in inva-
sive CC is more likely due to inactivation of the T@Bignaling
pathway itself than to deletion of T@Fresponsive elements
within the viral genome.

The TGP signal is transduced by a pair of transmembrane
serine-threonine receptor kinases (reviewed by Hedtlal, 1997).
TGFB1 binds primarily to the TGE type Il receptor (BR-II),
followed by the recruitment of the T@Ftype | receptor (BR-I)
into a heterotetrameric complex with 3R-Il molecules and a

Carcinomas of the uterine cervix are among the most commgjy : p : ;

; ] : gle ligand dimer. Upon formation of this ternary complex, the
malignancies of women worldwide (Parket al, 1998). A Tap || \inase phosphorylates specific serine residues immediately
relatively unique aspect of cervical cancer (CC) is that the initialoam of the serine-threonine kinase BRFI, which results in
transforming event involves infection of normal cervical epitheli ctivation of the BR-I kinase (Heldiret al 199’7) Two mamma-
cells with so-called high-risk human papillomaviruses (HP an homologues of the Drosophila mbther-against-dpp (Mad)

(reviewed by Howley, 1991). Most precancerous cervical lesio ?otein, Smad2 and Smad3, then become transiently associated

termed cervical intraepithelial neoplasia (CIN) and almost &l ; - ;
malignant lesions contain HPV DNA. Two viral transforming ith and phosphorylated by the activate@R-1 receptor. This

proteins, E6 and E7, confer immortalization and loss of cell Cyc[ﬁsults in the formation of a heterotetrameric complex with a third

trol by inactivating 2 K il lat f tosi ember of the Mad superfamily, Smad4. This complex is then
control by nactivating < key cefiuiar reguiators of apoplosis anb,nqjocated to the nucleus where it binds to DNA and regulates
cell cycle progression: p53 and the retinoblastoma protein, p

; - . » P ranscription of specific target genes (Heldiral., 1997).
respectively (reviewed by Howley, 1991). Prospective clinical Kang et al (1998) examined the expression and structural

studies have demonstrated that only a small fraction of earl k h X
; ; ; : dntegrity of theTBR-I and-1l genes in a series of 8 human CC cell
cervical dysplasias progress to severe dysplasia, while the ris %ties. Two of these lines failed to expres8R-II-specific mRNA,

progression to invasive CC is much greater for severely dysplastic= . .
lesions (Kosset al,, 1963). This raises the important question oY"'ﬁCh was due to a homozygous deletion of the gene in 1 of the 2
which genetic or biological characteristics distinguish CIN lesiorf&2Ses (Kangtal, 1998). _

that will progress to cancer from the majority that spontaneously In addition, missense mutations, gross gene rearrangements and
regress. truncated or decreased transcripts of TigR-Il gene have been

A particularly interesting biological characteristic associatefpund in @ variety of tumor types (reviewed by Reiss, 1997).

with malignant progression of cervical epithelial cells is their

progressive loss of responsiveness to B@Braunet al., 1990;
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al., 1998). TGB belongs to a multifunctional family of growth 16024

factors that tightly regulate basic cellular functions such as '

proliferation, differentiation and extracellular matrix turnover. In___
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Moreover, loss off BR-I MRNA and/or protein expression appearsollowing resection of their primary tumor and a confounding
to occur frequently in pancreatic carcinomas, renal cell cancer ceffect on our findings of contamination of the samples with tumor
lines and chronic lymphocytic leukemia (DeCotestual., 1997; cells could be excluded.

LagneaU)et al., 1997; RamFEt al., 1997) I.n addition, mutations of ~In the second Study’ we examined invasive CC Casegm
the TBR-I gene have been described in primary and metastafifedian age 38, range: 22-51), enrolled through institutional
breast carcinomas (Chest al,, 1998). Thus, inactivation of both affiliates of the University of the West Indies Hospital in Kingston,
TBRgenes occurs in subsets of human tumors. Jamaica, between November 1994 and April 1998. Controls
Because of the strongly suggestive evidence that cervida=30; median age: 34.5, range: 24-66) were sequential cervical
neoplasia is associated with loss of Ti&esponsiveness, we havecytology screening clinic patients with normal current Pap smears
begun to investigate the status of the Tg$tgnaling pathway in and self-reported history of past normal Pap smears, enrolled
cervical cancer. We now report a comprehensive structural analyisough the university-affiliated clinic (Spring 1996 and 1997), and
of the TBR-I or -ll genes in a series of human CC specimens. Waen frequency age-matched to cases. All subjects in this study
discovered a novel mutation in tH@R-1I gene as well as severalwere of African descent and resided in the Kingston area. We
novel polymorphisms in thelBR-I gene, one of which may isolated germline genomic DNA for PCR by punching out 3 mm
predispose for the development of CC. circles from dried blood blots using Acu-Punch skin biopsy
punches (Acuderm, Ft. Lauderdale, FL). Specimens were then
processed using the dried blood kit (BioRad) according to the
) . MATERIAL AND ME_THODS protocol provided by the manufacturer, and subjected to PCR for
Tissue specimens and DNA extraction TBR-I genotyping.
Matching normal and tumor paraffin-embedded tissues were .
obtained from 16 patients with invasive carcinomas of the uteriné@ctors used for transfection
cervix treated at the University of Groningen, The Netherlands. The pHA-1 mammalian expression vector was constructed by
There were a total of 14 patients with squamous cell carcinomsisbcloning the full-length humahBR-I (ALK-5, (FranZe et al,
and 2 patients with a poorly differentiated (“glassy cell”) adenocart993)) into the expression vector, pPCDNA3 (Stratagene, La Jolla,
cinoma. Genomic DNA was extracted from tumor and norm&A) thereby placing it under transcriptional control of a cytomega-
tissues as previously described (Cheh al, 1998). Isolating lovirus (CMV) promoter. To facilitate detection and quantitation of
genomic DNA from a single 5pum microdissected paraffintransfected receptor, the influenza virus HA epitope tag YPYDVP-
embedded tumor section using InstaGene matrix (Bio-Rad, H&YA was introduced at the COOH-terminus of the protein.
cules, CA) typically yields 200l of DNA template solution.Deletion mutants ofTBR-I were constructed by synthesizing
Adjacent tumor sections were reviewed to confirm the histologicaligonucleotides that lacked 3, 6 or all 9 GGC trinucleotide repeats
diagnosis and to ensure that at the majority of the cells in tlend flanking sequences ofgR-l exon 1, and subcloning the

specimen were carcinoma cells. resulting Ncol-Smal fragment into a previously constructed
. ) . ) PGEM vector containing the 5 half of wild typ@BR-I (pbGEM
Genotyping of TGB signaling intermediates R/B). An EcoR1-Xho1 fragment excised from this modified pGEM

We optimized our experimental conditions to generate sufficieR/B was then subcloned into a pHA-1 backbone, which had been
amounts of PCR product from 5pl aliquots of template DNA t@repared by partial digestion of pHA-1 with EcoR1/Xho1.
conduct single-strand conformation polymorphism (SSCP) analy-
sis of each of the 7 exons ofgR-ll, and each of the 9 exons of Reporter gene assays
TBR-I using AmpliTag Gold DNA polymerase (PE; Applied The signaling capability of wild type and mutafgR-I receptors
Biosystems, Foster City, CA). Primers used to amplifgRFIl  was assessed in transient transfection assays into R-1B/L17 cells, a
exons were those previously described bydtual. (1996). These subclone of Mv1Lu mink lung epithelial cells (A generous gift of
included intronic primers flanking each of the intron-exon bounddr. J. MassaglieNew York, NY). This cell line is convenient
aries, as well as 6 internal primers to amplify the large exon 4. Eapbcause it is refractory to Tk fails to express detectable levels
of the 9 exons of the BR-1 gene was amplified using the flankingof TRR-I, and all responses to T@Fcan be restored by re-
intronic primer pairs as previously described (Cle¢al.,1998). expressing wild typelBR-I. The firefly luciferase reporter gene
The TBR-Il and -I genes were analyzed by PCR-SSCP a&onstruct, pPSBE4 (a generous gift from Dr. B. Vogelstein, Balti-
previously described (Cheat al, 1998). Suspect bands weremore, MD), in which 4 tandem repeats of a Smad4-specific DNA
excised from the gels, reamplified, and subjected to DNA sequerinding element (SBE) drive the luciferase cDNA, was used to
ing as previously described (Chen al, 1998). The presence of assess cellular responsiveness to BGRZawel et al., 1998).
any sequence alteration was always confirmed by repeated PJRansfections were carried out using Lipofectin (GIBCO-BRL,
SSCP and sequencing using an independent aliquot of tum6Githersburg, MD) as previously described (Cle¢rl., 1998). In
derived genomic DNA as starting material. Whether any mutatioesder to control for variations in transfection efficiency, we
were somatic in nature or present in the germline was determine@ttransfected a small amount (0.01pg) of pRL-CMV, a plasmid
by analyzing genomic DNA isolated from normal tissue of théxpressing &enilla luciferasereporter gene (Promega, Madison,

same patient. WI). Cell lysate was mixed with the appropriate luciferase assay
) reagent and photon emission was measured using a Series 20
Case-control studies Barthold Luminometer (Turner Designs, Sunnyvale, CA).

We examined the epidemiologic association between CC and the ) o
germline BR-I genotype in 2 different case-control studies. In th&eceptor expression and subcellular localization
first study, subjects were randomly selected from among partici-Cultures were washed twice with ice cold PBS, and cells were
pants in a larger NCl-sponsored multicenter case-control studyafllected by scraping with a rubber policeman into a hypotonic
in situ and invasive CC of various histological types conducted ats®lution of 1.5 mM MgC}. After incubation on ice for 30 min, cells
clinical centers in the eastern United States. The patients seleateate disrupted by brief sonication, and the membrane fraction was
for our study (r=37; median age: 40, range: 27—66) had histologisolated by centrifugation at 12,500g for 20 min at 4°C. The
cally confirmed invasive squamous cell carcinoma of the cervisupernatant (cytosolic fraction) was set aside and membrane
Controls (n=38; median age: 37, range: 21-71) were selected to peoteins were solubilized in buffer containing 1% [v/v] Triton
representative of the cases with respect to age, ethnicity axel00, 0.1% [w/v] SDS, 150 mM NacCl, 50 mM Tris [pH 7.5], 3
geographical location. Genomic DNA from all subjects wamM sodium azide, 1 mM PMSF and 2ug/ml leupeptin. After
extracted from exfoliated cervical cells stored in STM buffeboiling for 10 min in the presence of sample buffer, aliquots
(Digene, Beltsville, MD). The majority of patients were sampledontaining equal amounts of cytosolic and membrane protein were



TGF3 RECEPTORS IN CERVICAL CARCINOMA 45

resolved by electrophoresis on a 10% (w/v) SDS-polyacrylamid®don, this mutant presumably encodes a truncagRHT protein

gel and subjected to Western immunoblotting by using rabhtat is not anchored in the cell membrane and is presumably
polyclonal antiserum directed against the HA peptide (HA.lleleased into the extracellular milieu (Fidn)1

BAbCO, Richmond, CA.). Blots were developed using horseradish|, contrast with BR-ll, we encountered several different
peroxidase-tagged goat anti-rabbit IgG and the bands visualizgdl,ciyral alterations of the BR-I gene (Table II). First, we
using DuPont NEN (Boston, MA) Chemiluminescence Reagent @i ntified a single tumor (CT65) with a somatieAC transversion
recommended by the manufacturer. at nucleotide 1125 (codon 375, AGAACC) located in exon 6 of
Statistical analysis TBR-I (Fig. 2). Although this mutation does not alter the amino acid

Dichotomous and ordered data were organized into continge gsquence of the protein, it is located at position -6 from the
tables and analyzed by Pearson chi-square, Fisher’s exactr%%%n"ntron boundary and may affect RNA splicing. Secondly, we

(when expected values weteb) or by the Mantel extension test to tfied a nucleotide (&A) substitution within intron 7 of

measure trends. Prevalence rates were estimated and 95% chﬁB" (Fig. 3). This G~A transition appears to represent a
dence intervals (95% CI) around each estimate were determirfg]ymorphic allele as 7 of 16 cases (44%, 95% CI: 20-70%) of

assuming a binomial distribution. For comparisons of continuot®ot gérmline and tumor DNA were heterozygous. We took
values ¢.g.,pSBE4-Luc activity), the Studettest was used advantage of the fact that this sequence change abolishes a Bsrl
Rl ' ’ restriction site to estimate the allele frequency of this variant

sequence in a larger U.S. population. By using PCR and Bsrl
RESULTS restriction digestion of germline DNA to distinguish between the
wild type and variant alleles, we found that 24 of 38 randomly

In order to identify a possible molecular basis for T&F cted individuals were homozygous for the wild type sequence

resistance in CC, we conducted a comprehensive structural anal ; )
of both theTBR-I and-1l genes in 16 invasive cancers of the uterin&s 70 95% Cl: 46-78%), 12 were heterozygous (32%, 95% CI:

cervix (14 squamous cell carcinomas and 2 adenocarcinom 51;49%)’ and 2 were homozygous for the variant sequence (5%,
(Table 1). Fifteen specimens were derived from primary tumorg> 70 Cl: 1-18%). These genotype frequencies were very similar to
and one from an abdominal wall metastasis. Each of the 7 exdfigSe found among the 16 patients with CC from the Netherlands
and flanking splice sites of theBR-Il gene were analyzed by (FiSher's exact tesp=1.000).

PCR-SSCP. The only abnormality we encountered was an aberrarfferhaps our most important finding is a germline variant of the
band in exon 3 in the case of tumor CT59. DNA from the shiftedBR-I gene which gives rise to a distinct SSCP pattern (Figjaéhd
band was reamplified and subjected to direct sequencing (&ig. Iwhich lacks 3 of 9 consecutive GGC repeats located within exon 1
This revealed a & T transversion at nucleotide 425 (GAG to(Fig. 4b). Six of 16 patients were heterozygous carriers of this
TAG) which converts the glutamic acid residue at position 142 todel(GGC) TRR-I variant (37.5%, 95% confidence interval [CI]:
stop-codon (E142Stop) (Fig.al This is the first such mutant 15-65%). Interestingly, the allele frequency of the del(G£C)
described in any human neoplasm. Based on the location of the stapiant among our CC population (18.8%, 95% CI: 7-36%) was

TABLE | — CHARACTERISTICS OF CARCINOMAS OF THE UTERINE CERVIX ANDBR GENE' ALTERATIONS

Case Histology Stage Follow-up TBR-I TRR-II

CT51 Poorly differentiated adeno-1lb  NED Exon 1 del(GGCG) WT
carcinoma Intron 7 variant

CT52 Moderately differentiated Ib NED Intron 7 variant WT
SCC

CT53 Poorly differentiated SCC Ib2  NED WT WT

CT54 Moderately differentiated 1lb  NED WT WT
SCC

CT55 Well-differentiated SCC Ib2  NED WT WT

CT56 Well-differentiated SCC lla  NED WT WT

CT57 Poorly differentiated SCC Ibl1  NED Exon 1 del(GGC)WT

CT58 Poorly differentiated adeno-1bl ~ NED Exon 1 del(GGG) WT
carcinoma Intron 7 variant

CT59 Moderately differentiated NA  Lost to follow up WT E142Stop
SCC

CT60 Moderately differentiated NA  Lost to follow up Intron 7 variant WT
SCC

CT61 Poorly differentiated SCC IVb  Peritoneal implantsVT WT

at 2 months

CT62 Abdominal wall SCC IV NED Exon 1 del(GGC) WT
metastasis

CT63 Moderately differentiated lla ~ NED Intron 7 variant WT
SCC

CT64 Poorly differentiated SCC Ibl  NED WT WT

CT65 Moderately differentiated 1bl  NED Exon 1 del(GGG) WT
SCC Exon 6 al 125¢c

Intron 7 variant
CT66 Moderately differentiated 1b2  Local recurrence  Exon 1 del(GGG) WT
SCC at 5 months Intron 7 variant

1Genomic DNA was extracted from 5 pm thick paraffin sections from 16 cervical carcinoma specimens.
Each of the 7 exons ofBR-Il and the 9 exons of BR-1 were screened for the presence of mutations by
PCR-SSCP as described in Material and Methods. Suspect bands were excised, and the DNA re-amplified
and subjected to direct sequencing. The presence of individual DNA sequence alterations was confirmed by
applying the entire procedure to a second aliquot of genomic DNA. In each of the 9 cases in which we
identified either the del(GGgpr the intron 7 varianTBR-1 alleles, both germline and tumor DNAs were
heterozygous. NED: No evidence of disease. WT: Wild type. SCC: Squamous cell carcinoma.
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WT TBR-II CT 59
GATC

T
Ser C T
T Ser C
G T
Asp A G
g Asp A
Glu A T
G =T
T STOP A
Cys G G
C T
A G
Asn A c
T A
G AL
Asp A o
G
A
C

WT TRR-II 1 MGRGLLRGLWPLHIVLWTRIASTIPPHVOKSVNNDMIVTDNNGAVKFPQL
RN RN R AR A NN R RN R AR AR

CT 59 Mutant 1 MGRGLLRGLWPLHIVLWTRIASTIPPHVOKSVNNDMIVTDNNGAVKFPQL:

[

51 CKFCDVRFSTCDNQKSCMSNCSITSTCEKPQEVCVAVWRKNDENITLETV
R R R R R RN RN R AR R R AR NN

E3 51 ZKFCDVRFSTCDNQKSCMSNCSITSICEKPQEVCVAVWRKNDENITLETV
101 CHDPKLPYHDFILEDAASPKCIMKEKKKPGETFFMCSCSSD-STOP. ...

AR R RN R R R AR AR R RN RN RO

101 CHDPKLPYHDFILEDAASPKCIMKEKKKPGETFFMCSCSSDECNDNIIFS

151 EEYNTSNPDLLLVIFQVTGISLLPPLGVAISVIIIFYCYRVNRQQKLSST

Ficure 1— Nonsense mutation in 5’ half Gf3R-1l gene. &) Partial DNA sequence of exon 3 @BR-II in tumor CT 59 revealed a-GT
transition (nucleotide 425 from ATG). This mutation introduces a premature stop codon at positiob)1¥@ir(o acid sequence comparison
between the N-terminal half of wild type and CT 59 mut&@R-Il. The transmembrane domain is underlined.

significantly higher than among normal blood donors as report@dstudy populations. The notion that carriers of the del(GGC)
by Pascheet al (1998) (4.2%). This discrepancy suggested thallele may be at higher risk for the development of CC is further
possibility that the del(GGG) TBR-I variant might confer a supported by the fact that only 1 of 7 squamous cell carcinoma cell
susceptibility for the development of CC. In order to address thiigies derived from tumors of the upper aero-digestive tract carried
important question, we compared the frequencies of TBR-I gengre del(GGC) allele, whereas 1 of 2 cervical carcinoma lines
types among subjects culled from 2 different recently completgdaSki) was heterozygous for the variant allele (data not shown).
case-control studies. In the first study, 8 (22%; 95% CI: 10-38%) of g sy died the biological effects of the 3-alanine deletion in the
SZT%%_CIE‘SES were h%ter_(t)ﬁ&golulso /(?%rggrscﬁf?,tﬂgs?yel(%cggbant t el(GGC} variant in transient transfection assays by using the
of TBR-1, as compared with 4 (11%; 95% Cl: 0) 0f 38 controfa ) Jeficient R-1B (L17) mink lung epithelial cell line. Activa-
subjects. In addition, one case but no controls was homozygous i

the del(GGC) variant (Table 1&). The overall trend to these data #efé t-lljgBS'mgSCGDngAe-?]E?;ggs(ejl!ieerngt( Z(i\lzé) alln fgSg%l)Eéllrl]_uc
was of borderline significance (Mantel extension test for treng_1B (L17) cells transfected with wild typdBR-l. TGFB-

=0.15). In the second study, which was conducted amondst™ . J .
gamaicz)in women of African deyscent, 3 (10%; 95% CI: 2-279%) ediated pSBE4-dependent luciferase activity was increased ap-

29 cases and 3 (10%:; 95% ClI: 2-26%) of 30 controls weRdoximately 5.5-fold over controls, while the increase observed in
heterozygous carriers of the variant allele (Tablg).IThus, an Cells transfected with the del(GGLnutant was only approxi-
association between the del(GG®@priant of TBR-land develop- Mately 4-fold 6=0.0023, Student-test) (Fig. &). Because of the
ment of CC was observed in U.S. but not in Jamaican women. TR@ssibility that some of the phenotypic differences between wild
explanation for this is unknown, as small sample size and a tri¥Pe and del(GGG)TBR-I might be masked because of the high
biologic difference equally fit the data. We note that the prevalentgvels of expression induced by the strong CMV promoter, we also
among controls was similar in U.S. and Jamaican subjecgxamined the effects of reducing the level of expression by
Therefore, we re-examined the results from the 2 populations agransfecting smaller amounts ®R-1 DNA. As shown in Figure
they were derived from 2 separate strata within a single investigzh, PSBE4-Luc activity was consistently lower in cells expressing
tion and measured the overall association of the del(G@&)jant the del(GGC) variant compared to wildype TBR-I, with the
with CC (Table It). The non-significant (Mantel extension testdifference being most pronounced when the smallest amounts of
summary chi-square 1.5;p=0.22) but positive trend in the data TBR-I DNA were transfectedp=0.023, Student-test for paired
suggests that there may be a true biological difference between ttservations).
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TABLE Il —TBR-I GENOTYPES AND CASE-CONTROL STUDIES WT TBR'I CT 65

Genotype Cases Controls Odds Ratio

A. U.S. study GATC »G ATC

Homozygous WT 29 34 1.00 G
Heterozygous 7 4 2.05 Val T
Homozygous del(GGG) 1 0 Infinity : G
All 37 38 Gly 8

Genotype Cases Controls Odds Ratio A
B. Jamaican study Th ATl
Homozygous WT 26 27 1.00 r c |l
Heterozygous 3 3 1.04 A-C|
Homozygous del(GGG) 0 0 N/A A
All 29 30 Lys A

Genotype Weighed :
P Odds Ratio A
C. Overall association of the del(GGGjariant Ar é
with CC? 9

Homozygous WT 1.00 G
Heterozygous 1.59
Homozygous del(GGG) - Ficure 2-—Silent mutation in exon 6 of AR-l. Partial DNA

sequence of exon 6 AfBR-I found in tumor CT65 revealed a-AC
Mantel extension test for trend: chi-square: 2.Q72: 0.15.2Fishers _{ransversion (nucleotide 1125 from ATG) which does not alter the
exact testp = 0.96. Mantel extension test for trend: chi-square: 0.002Mino acid sequence, but may affect RNA splicing.

p = 0.97.-Mantel extension test for trend, treating U.S. and Jamaican

subjects as 2 separate, equally weighted strata within a single investiga-

tion (Summary chi-square 1.5; p = 0.22).#One U.S. case but no there were no significant differences in the amounts of membrane-

Jamaican subjects or U.S. controls were homozygous for the del(GGggsociated receptor between cells transfected with wild type and
variant. CI: Confidence interval. WT: Wild type. N/A: Not applicable.y of the mutanTBR-1 forms (Fig. &). Thus, the 9 alanine repeat
A: Patients with invasive squamous cell carcinoma of the cer ’

V . A .
(n = 37; median age: 40, range: 27-66) were randomly selected fr#ﬁﬁ?“em%'s appt;’alrfntly POII rengrf?d fortexlprc_assmrBﬁ-TIQt the
among participants in a NCI-sponsored multicenter case-control stuefgll membrane, but must play a different role in T&$ignaling.
of in situand invasive CC conducted at 6 clinical centers in the easternln summary, cells expressing the del(GGG)ariant were
United States. Controls (ﬁ_ 38; median age: 37, range: 21-71) werssignificantly less sensitive to the effects of T@Fon gene
selected to be representative of the cases with respect to age, ethnigifiyscription than cells expressing the wild type receptor. It is
gggegnet?/giiﬁpim/cgil\?g%tg?gz:g) mg d}g?gggnsztu?gﬁggnzegtssggAv\\fgrc Bssible that these functional differences form the biological basis
enrolled through institutional affiliates of the University of the Wes or the increased susceptibility to cervical carcinoma.
Indies Hospital in Kingston, Jamaica, between November 1994 and
April 1998. Controls (n= 30; median age: 34.5, range: 24—66) were
sequential cervical cytology screening clinical patients with normal DISCUSSION
current pap smears and self-reported history of past normal Pap smears,
enrolled through the university-affiliated clinic (spring 1996 and 1997), We have systematically investigated T@&§&ignaling intermedi-
and then frequency age-matched to cases. C: As the prevalence ofdtegs in human CC. The status of both TgR-I and-Il genes was

variantTBR-1 allele in the 2 control populations was not significantlycompared in the same human tumor samples. We made several
different (5.3%, 95% CI: 1-13 in study A, 5.0%, 95% CI: 1-14 in stud{%

1Chi-square test for independence; chi-square: 2.202; 0.33.

B), it is legitimate to analyze the data from the 2 studies as a sin feresting and potentially _important observatiqr_ls. With rt_agards o
in\}estigation with two strata using the Mantel extension summary te .e'_I;[SR-LIZgSeneH_Wﬁ _|dtené|f|ed a noveIGtT traQSItlonénutalt:lgzzaét
The p-value of 0.22 suggests that a true biological difference mighSition 425, which introduces a premature stop codon ( op)

exist between the 2 populations with regards to the effects of tMathin the 5 half of the gene. Interestingly, nucleotide 425 is
del(GGC) TBR-l variant. located 40 nucleotides downstream of the polyadenine tract in

which most of the frameshift mutations in colorectal and gastric
cancers of individuals with DNA mismatch repair deficiencies
The in-frame deletion of 3 GGC repeats in del(G@€&)codes a occur (Markowitzet al., 1995). Based on its location, we presume

protein that lacks 3 of 9 consecutive alanine residues. Based ontlitat the E142Stop mutant encodes a truncated and sol@ftel T
location, it was possible that this alanine repeat sequence is parerbreceptor. Liret al. (1995) have shown that such solublgR-I|
the putative BR-I signal peptide (Fig. @ (FranZe et al., 1993). exoplasmic domain receptors bind T@Fand TGB3 with high
This idea is supported by comparative hydrophobicity plots of wildffinity and effectively compete for binding of T@Ro cell surface
type and the del (GGG)BR-I variant that predict that the deletionreceptors thereby protecting cells against Bafediated growth
shortens the putative hydrophobic core of the signal peptide (Fagrest in a dominant-negative fashion. Moreover, our finding of a
4c). As a consequence, the deletion might affect the ability of theovel nonsense mutation at nucleotide 425 T@R-1l is in
TBR-I protein to be targeted to the cell membrane. Alternativelpgreement with previous studies suggesting that malignancy-
the 9 alanines may be located at the extreme N-terminal end of #esociated mutations of tAi@R-1l gene are clustered either in the
mature protein and be involved in ligand binding. In order textracellular domain or in the C-terminal portion of the serine-
address these questions, we constructed a series of in-frameonine kinase (reviewed by Reiss, 1997). The fact that we found
deletion mutants of BR-I that lacked either 3, 6 or all 9 of the only a single case with &BR-1l mutation indicates that CC is
GGC repeats [del(GGg)del(GGC), or del(GGCJ]. To determine similar to other tumor types in that the frequency of mutational
whether the 9 alanines at the N-terminugBR-l were required for inactivation of the BR-Il gene is low (Reiss, 1997). Kargf al
membrane localization, cytosolic and cell membrane preparatiofi998) reported a single CC cell line that had undergone a
of cells transfected with the del(GG{£pel(GGC) or del(GGCy homozygous deletion of th&BR-1I gene, while the structural
deletion mutants were subjected to Western immunoblotting usiimgegrity of this gene was retained in the remaining 7 CC. These
anti-HA monoclonal antibody (Fig.d). In all cases, almost all of observations further strengthen the impression that inactivation of
TBRR-I protein was found in the membrane fraction. In additionTBR-Il occurs in only a minority of CC cases.



48 CHENETAL

CT51 52 53 54 55 56 57 58 59

WT TBR-I  CT 51 CT 58 CT 60 CT 63 CT 65
GATCGATCGATCGATCGATCGATC

Intron

Exon 7

~§—Exon 7 ——intron—ge Bsn
10 a0 30 40 50 50 v 70
C GGCTTAGTAT  TCTGGGAAAT TGCTCGACGA  TGTTCCATTG GTGgtaaatt gctctecctcet ccccca[tag ccegtcatga gcagaagttyg

30 90

70 80 90

& 2¢ 36 40 50 60
ag cccgtcatga gcagaagutg

GGCTTAGTAT  TOTGGGAAAT TGUTCGACGA TGTTCCATTG GTGgtaaatt gctctcctct ccccca

FIGURE 3 — Intronic restriction site polymorphism iMBR-I. (&) Exon 7 and flanking sequences oR-l from genomic DNA of cervical
carcinomas and a BAC genomic cloneTfR-1 (bac) were amplified by PCR using intronic primers flanking exon 7 and subjected to SSCP. A
band with aberrant mobility was detected in 7 of 16 cases (CT51, 52, 58, 60, 63, 65 and 66). The aberrant band was excised from the gel,
reamplified by PCR and subjected to direct DNA sequencing?értial DNA sequence of 3’ end of3R-I exon 7 and flanking intron revealed a
G—A transition located at 27 nucleotides from the exon-intron boundeyylie variant sequence results in the loss of a Bsr | restriction site

within the intron.

As with TBR-II, we encountered only a single somatic mutatiolanonical splice sites can also be involved in splicing regulation
in the TBR-1 gene in this series of CCs. This-AC transversion (Cooper and Mattox, 1997). However, RT-PCR analysis of RNA
mutation in codon 375 (ACA*ACC) does not alter the amino acidfrom tumor CT65 failed to reveal any splice variants (data not
sequence of the protein and is, therefore, silent. Several studsé®wn). Moreover, even though usage of selective codons in a
have indicated that sequences that are distant from the claggicen mMRNA is positively correlated with its translation efficiency,
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FIGURE 4 — Intragenic deletion within exon 1 diBR-1. (@) SSCP analysis oTBR-I exon 1. Exon 1 sequences from genomic DNA were
amplified by PCR and subjected to SSCP analysis as described in Material and Methods. A band with aberrant mobility corresponding to the
del(GGC)3 variant was detected in both germline and tumor DNA of 6 of 16 cases (51, 57, 58, 62, 65 and 66), whereas the remaining cases
revealed only the wild type SSCP pattern (cases 52, 53, 54, 59, 60 and 61 shown as examples). T: Tumor. N: Normal tissue. M: Maber lanes. (
Partial DNA sequence of exon 1 oBR-I revealed an in-frame deletion of 3 of 9 repeating GGC trinucleotides in 6 of 16 cervical carcinomas. (
Predicted secondary structure of the first 40 N-terminal amino acidg®Rfl which include the signal sequence using the Chou and Fasman
algorithm. The hydrophobic core of the signal sequence consists of an a-helix of 9 alanine residues flanked by 2 Ley resmltatve signal
peptidase cleavage sital) (Hydrophobicity plot of del(GGG)mutant TBR-I predicts for a significant reduction of the hydrophobicity of the
putative signal sequence.

this is unlikely to be important in this case, as ACC is the preferred Pascheet al. (1998) recently reported that the frequency of
codon for threonine (Kinet al., 1997). We have recently describeddel(GGC) homozygotes was approximately 10 times higher
a serine-to-tyrosine substitution (S387Y) within thgR-l kinase among cancer cases (leukemia, germ cell tumor, colon- and bladder
domain in breast cancer specimens (Cletnal, 1998). It is cancer)than among healthy blood donors. Based on these findings,
interesting that we did not encounter this particular mutation in arlyese investigators proposed that the homozygous state is particu-
of our CC cases. It is possible that the S38V¥R-I mutation is larly strongly associated with cancer predisposition. The results of
specifically associated with breast cancer. Alternatively, it may le&ir case-control studies confirm this observation: the allele fre-
associated most strongly with the metastatic phenotype and notdegncy of the del(GGG)variant in both control groups was 5%
represented in the present series of CC, most of which wefEable Iic). Thus, the expected frequency of homozygotes in this
primary tumors. population is 0.25%. In fact, the observed frequency of homozy-
Besides the single somatic mutationTiBR-I, we uncovered 2 gotes was 2.7% among the U.S. cases, and 1.5% overall for both
interesting polymorphisms in this gene. One of these involvesgaoups of patients with CG.e.,5-10 times as high as expected.
G—Atransition within the intron located between exons 7 and 8. In The hypothesis that the del(GGC)BR-I variant allele confers
this case, the variant allele occurs with a frequency of approxin increased cancer susceptibility is also biologically plausible.
mately 30% (95% CI: 20-40%), and abolishes a Bsrl restrictiaDomerciet al. (1996) reported a marked increase in the amount of
site. Thus, this restriction site polymorphism will be useful tectivated TGB associated with stromal cells of invasive CC
quantitate the frequency of allelic losses of thBRFI gene in compared to CIN. This observation suggests that the transformed
various human tumors. However, we failed to observe any igervical epithelial cells come under increased selective pressure to
stances in which the carcinoma was associated with allelic lossg¥cape from TGB-mediated control as they progress to CIN to
the TBR-I gene among the 9 informative cases in the present seri§asive carcinoma. We showed thapR-l negative cells that
(Table I). express the del(GGgyariant are consistently less responsive to
The most interestingBR-I polymorphism we detected is anTGF3 compared to cells that express wild type receptor. Pasthe
in-frame 9 bp deletion within a GGC trinucleotide repeat sequeneé (1998) failed to detect a difference in responsiveness tofTGF
located in exon 1. Six of 16 patients with CC were heterozygouglls transfected with the del(GG{)ariant compared to wild type
carriers of this del(GGG)ariant allele. More importantly, our data TBR-I. However, because of the strong cytomegalovirus promoter
suggest that the del(GGEL)BR-I variant may be associated withused in these experiments, overexpression of both wild type and
an increased susceptibility to CC. Specifically, we observed twivariant TBR-I may well have obscured any subtle difference in
as many carriers of the del(GGQ)llele among U.S. patients with membrane expression. This is supported by our experiments in
CC than among appropriate control subjects (Table Il). Interesthich receptor expression was made limiting by decreasing the
ingly, this relationship was found singularly among U.S. casexnounts of transfected DNA (Figbp The location of the deletion
control subjects but not among case-control subjects from Jamaigéhin the putative signal peptide sequence @RFl initially
Since the prevalence of del(GGQarriers was similar among suggested that it might affect membrane localization of the mature
controls in both studies, the difference in results may be due to ttezeptor protein. However, our results indicate that the entire
small size of each study. However, we cannot exclude a trpelyalanine repeat region at the N-terminus (@RFlI can be
biological difference between the 2 populations. deleted without affecting membrane expression of the protein.
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Ficure 5 — Effects of transfected wild type and del(GGC)3 varia@RFI receptors on TGB-regulated gene expression) R-1B (L17) cells
were co-transfected with plasmids expressing either wild-type or varfRtl receptor (1pg) and pSBE4-Luc (2png) DNA in conjunction with
pRL-CMV (0.05ug), and luciferase activities in cell extracts were measured 48 hr later as described in Material and Methods. Results were
normalized forRenillaluciferase activity to correct for differences in transfection efficiency between experiments. In cells transfected with the
TBR-I del(GGC} variant, human recombinant TGE (Austral Biologicals, San Ramon, CA) (100 pM) treatment increased SBE4-dependent
luciferase activity to a significantly lesser extent than in wild-tyg&-1 (WT) transfected cellgg=0.0023, Studerttest). Means- SEM from 4
independent experiment®)(In order to investigate the relationships between levelf3it-1 expression and TG¥signaling, R-1B (L17) cells
were transfected with pSBE4-Luc (1pg) in conjunction with varying amounigBfl DNA (range: 0.05-1pg). The differences between wild type
and del(GGG)variant TBR-l induced pSBE4-Luc activity in TGFtreated cells were greatest when the smallest amourfigRfl DNA were
transfectedf=0.023, paired-test). €) Subcellular localization and expression @R-I receptors. R1-B (L17) cells were transfected with either
full-length TBR-1 cDNA (WT) or deletion mutants lacking either 3, 6 or all 9 of the GGC repeat units in exon 1 [del(GEENGGC), or
del(GGC}]. Membrane and cytosolic fractions of transfected cells were isolated as described in Material and Methods and subjected to Western
immunoblotting using HA.11 anti-HA antibody. Single discrete 55 kDa bands corresponding to the HA-T@gRiédeceptor were detected in
membrane fractions from both wild type- and mutdBR-I-transfected cells, while a slightly faster migrating band of much weaker intensity
representing unglycosylated receptor was detectable in the cytosol. Thus, under steady-state conditions, nearly@R-dfdoeptor protein is
found in the cell membrane. Moreover, there were no significant differences between the levels of membrane expression of wild type and any of
the 3 deletion mutants @BR-I, indicating that the polyalanine sequence at the N-terminus of the protein is not required for membrane localization
of the receptor. Slight differences in intensity among the 4 protein bands paralleled the slight differences in protein loading between lanes, as
demonstrated by Ponceau staining of the filters prior to immunoblotting (not shown).

These results imply that the polyalanine region is not part of theplications for the management of women with cervical dyspla-
signal peptide and may be retained at the N-terminus of the matsias. Given the fact that one of TBE actions on HPV-infected
peptide. One might speculate, therefore, that this sequencecédls is to inhibit transcription of the viral transforming gengs,
involved in the formation of BR-1I/TBR-I heterotetramers or that andE?7, it is plausible that HPV infection would favor the clonal
deletions within this region might affect T@Finding affinity. expansion of cells that are intrinsically less responsive to FGF

The putative association between the del(Ggallple and CC  because they express the del(Ge@riant TBR-I. We speculate
must be confirmed in a larger study. If correct, this relationshifnat persistence or regression of CIN lesions may be the result of
raises the question whether the del(Gg@)lele affects the TGF3 action on cells that are fully responsive, whereas the
susceptibility to persistent infection with high-risk HPV subtypeprogression to carcinoma represents the selective outgrowth of
or the likelihood of progression of early CIN lesions to invasivelones that are somewhat less responsive to [{,Gér example,
carcinomas. In either case, such relationships could have importhatause they express the del(GETHR-I variant.
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In summary, we have identified a number of novel genetwignaling intermediate genes plays a direct role in cancer develop-
alterations of theTBR-I and -1l genes in human invasive CCment. More importantly perhaps, the del(GG@ariant allele of
specimens. Although mutations of either th@R-1 or -Il genes the TBR-I gene may be associated with the presence of invasive
appear to represent low frequency events in CC, they provi@. This observation could have important implications for the
further support for the hypothesis that inactivation of BGF control and management of this disease.
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